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(54) ORGANIC ELECTROLUMINESCENCE ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescence element high in light- emitting 
efficiency and capable of elongating its life by using a 
light-emitting material which can efficiently carry out 
intersystem crossing from excited singlet to excited 
triplet and has extremely good stability. 
SOLUTION: The organic electroluminescence element 
makes use of, as a light-emitting material, a metal 
complex (preferably, a complex of a metal of the 
platinum group) having a structure of a formula (1a) or 
(1b), which has a dithiocarboxylic acid or a derivative 
thereof as a ligand and an ortho- metallized ligand. A 
specific example of the metal complex is represented by 
a formula (2). 
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v 5 ^ /UjJ? >-SI^Kffi^ li Wt-f 5 ^ * /u*" vS^ 

T-£5o IrI^II. 'Hil^il^^^ h/U (' HNM 
R) , (MS) h'ls, 7c*Mftt£iflz£<0ft* 



* 9 :H!T'J5 : 
[0 0 7 4] 

to 

[0 0 7 5] 
[ft 2 6] 
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[0 0 7 6] 




[ 0 0 7 7] <fr$0fl 1 
«*{k-&»(A-l)0>*J* 

J: 0^rtLfc[fcr*<2-7 y/M y v 

P7^f K]i 270mg (0.25 mmoD&v^ p p > ? y 
(50 ml), /U (20 ml)<Oj®£^l£ig^Lfc 

ft, ^^f^i/ft*/^; ^K*^" h V VJ*72 mg (0.5 

*&*OBW«5Sr»tX*78 % (244 mg, 0.39 mol)X'ft1t a 
m^t l H NMR , MSX-<^ K/ufcit/jEJR^W^i^ff 

[0 0 7 8] 'HNMR (CDCh): 6 3.22 (s, 6H), 6.33 
(d, 2H), 6.67 (t, 2H), 6.78 (t, 2H), 7.219 (t, 2 
H), 7.57 (d, 2H), 7.75 (t, 2H), 7.87 (d, 2H), 9.61 

(d, 2H)MS (EI+, 1.3 kv) m/z - 621 (M*, Ir=193, 6 
8), 619 Ir=191, 39), 501 (Irppy 2 \ Ir=193, 10 

0), 499 (Irppy 2 \ Ir=191, 54). 
jtmftft ; ftSftt (%) [C«s H 22 N,&Ir<620.81)]: C 48. 
37, H 3.57, N 6.77; HAHK(%): C 48.25, H 3.63, N 
6. 39 

[0 0 7 9] ^fS.m 2 

fcfcfcOK* : 66 %) 0 laiSli'H NMR , MSX-^ hMC 

[0 0 8 0] ' H NMR (CDCh): 6 2.00 (p, 4H), 3.71 
(m, 4H), 6.35 (d, 2H), 6.69 (t, 2H), 6.80 (t, 2H), 

7.23 (t, 2H), 7.58 (d, 2H), 7.76 (t, 2H), 7.88 
(d, 2H),9.68 (d, 2H) 

MS (EI+, 1.3 kv) m/z = 647 (M*, Ir=193, 90), 645 
(M*, Ir-191, 60), 501 (Irppy 2 \ Ir=193, 100), 499 
(Irppy/, Ir=191, 55), 154 (ppy+, 71) 
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* * lit 2 7] 




[0 0 8 1 ] fM#'J 3 

aW»S:#fc(JR* : 87 %) 0 f^f^H NMR , MS*-^ 

[0 0 8 2] ' H NMR (CDCh ) : 6 1. 39 (d, 3H) , 1. 48 
(d, 3H), 5.52 (p, 1H), 6.35 (d, 2H), 6.74 (t, 2H) , 

6.86 (t, 2H), 7.23 (t, 2H), 7.60 (d, 2H), 7.79 
(t, 2H),7.90 (d, 2H), 9.37 (d, 2H) 
MS (EI+ f 1.3 kv) m/z = 636 (M\ Ir=193, 35), 634 
(M*. Ir=191, 20), 501 (Irppy 2 \ Ir=193, 100), 499 
30 (Irppy/, Ir=191, 64) 

[0 0 8 3] 4 

0^fiRLfc[ tr^ *y V /)4 y if* 

K?uys( K] 2 270 mg (0.25 mmol) £ i/ 9 a p / ?y 
(50 ml), / 9 /-/K20 ml)wa^*«Et*^Lfc», 
is J ^/Ui/^^jj /W< i yWt~f h V V & 72 mg (0. 5 mm 
oDSrJD*. aaT-C3WFW«M*Lfc. 

0>B«*«rftfc<]R* : 41%). ^li'H^R UJ:9fTo 

40 fc 0 

[0 0 8 4] ' H NMR (CDCh , 500 MHz ) : 5 5. 30 (s, 
6H), 6.37 (dd, 2H), 6.94 (t, 2H),7.27 (d, 2H), 7.6 
4 (m, 4H), 7.74 (d, 2H), 8.24 (dd, 2H), 9.87 (dd, 
2H) 

[0 0 8 5] ^j£#'J 5 
m^ik-&%) (B-2) <D£f& 

50 *C0B«*Sr»fc(lR^ : 60%) o RSi'H NMR % *5<fctf 
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[0 0 8 6 ] ' HNMR (CDCL ) : 6 2.00 (t. 4H), 3.70 
(m, 4H), 6.36 (d, 2H), 6.94 (t, 2H) , 7.24 (d, 2H), 

7.63 (m, 4H), 7.73 (d, 2H) , 8.23 (dd, 2H), 9.93 
(dd, 2H) 

tl#H>W ; ft !?«(%) [C... IL< N 3 S 2 Ir (694. 89) ] : C 53.5 
8, H 3.48, N 6.05; %9M(%): C 52.89, H 3.16, N 
5.89 

[0 0 8 7] 6 

«*ft**(B-3)^^B8 10 

h 'J ^ - 0 - y/n t 3 yt-^*x^£ffl^ 
Sfefe v *(7)g^^^t#^(HX* : 60%) 0 |*H&±'h NMRi- 

[0 0 8 8] ' H NMR (CDCh ) : 6 1.41 (d, 3H), 1.51 
(d, 3H), 5.55 (p, 1H), 6.37 (d, 2H), 7.00 (t, 2H) , 

7.31 (d, 2H), 7.66 (m, 4H), 7.78 (d, 2H) , 8.28 
(d, 2H),9. 65 (d, 2H) 

[0 0 8 9] 7 20 

«*ffc£*(c-i)*>£fiJc 

^itlii: ^Mlf:[t"^(2 - (2 - f-^/u) t c L> vvu) 

>f U^9A^P7>f KL 270 mg (0. 25 mmol) £ v> ? D 

*>(50 ml), y< * /-/M20 uUOS^jgJSfclCiga* 
Lfc«, y^f^yf«/^;y|[th!i'>^ 72 mg 
(0.5 nmoDSrSDx., SfiTf 3ffl»)$lf: 0 SIRI»£ 

«fe»*<OBW»*#fc(tt* :41%) 0 ^£{±'H NMRld 

[0 0 9 0] ' H NMR (CDCh ) 6 = 3. 21 (s, 6H) , 6. 22 30 
(d, 2H), 6.99 (t, 2H), 7.14 (d, 2H), 7.49 (d, 211), 
7.61 (t, 2H), 9.39 (d, 2H) 
[0 0 9 1 ] ftf&m 8 

*^gft»«T#fc(lR* : 66 %) c [Sj^lt'H NMRtiitf-jc 

[0 0 9 2] 'HNMR (CDCL): 5 1.98 (quin, 4H), 3. 40 
68 (t, 4H), 6.21 (d, 2H), 6.99 (t,2H), 7.13 (d, 2 
H), 7.48 (d, 210, 7.60 (t, 2H), 9.44 (d, 2H) 
JzWtitix ; tfJttt(%) [C* H» N 3 S, Ir(658. 91)]: C 41.9 
2, H 3.06, N 6.38; %WM(%) ■ C 41.44, H 2.77, N 
6. 17 

[0 0 9 3] r^«t 9*fi4De4*»*f±, JSJfctmt 
IT, «Jfc/lK ll(7)^l^t2lW.h^fflLt fc 

[0 0 9 4] r<7>»£\ a&0e&JRI§{£te, «*Jit-*5 
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T**>*3, ii^s Itlb^fiO. 1—2. OeV, £ *b II 
(iO. 1 - 1 . OeV//>*J£ LV\ 
[0 0 9 5 ] ^xhffflCriltd, e^«^JR^ff<7) 

ft, tMJ uy^f^ i"-7^;u-r S K»#ft, 

[0 0 9 6] *x hWftfcitfK-'^ htm^jR^j* 
:tib^!t^ioo% (Jt*s#*) ttfct 

K"^>FWfW0. 1-3 0% (WirSWO "C 
[0 0 9 7] -tLT, £b«?£ L<f±, ±£0)** h 

-^#«{b3*t>, ft 

<7)Mlt0. 1-2. OeV, £fcl-l±0. 1 — lcV^ijffi 

[0 0 9 8] -<n£Tt£fim<t&Vo\is 3S)tJi^*- 
/u*5 Jctf/ifc I ±m ? <7> £ A £ffiit U * jt M 4 1 ^ * - 

[0 0 9 9] «*)i^^j3lt«*^ Mffl, K-/<>h 

rftfc^'&ft-Srl 0 0% tLfti 
hW»tt50~99% , M>F 

WHO. 1-30% > *t«J«-»ttl-50% 

[0 10 0] 563tlSr, i^J:9^itt5:i 
[oioi] c<7)J: T^aUiflliSii-sr t^ioT, 
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driven. &it%±mfrh i &itk lt, ^a,*?^ 

[01021 fl^^)Slgf*?r^i-2)*)t®l±, 

[0 10 31 r»i9/j:e4M**ftmt5*3fc 10 
ll£:fcNt£fi&8E&Rfcfr<75£*r*tt:0. i~3 0% 

[0 10 4} Sfc, JilEwa4t9l^JRtS«£Sr^-*i-S« 

■f . *»o'>fc< t i> 1 *aw*3t*Jttt*«Ml:-g-*Sr^ 
frit LTIt. *x l-Wt K-'<v *r£W-f 
5li:^U\ 20 
[0 10 51 hTOi LTtt, 

t^JKvMft. ^jJyM^ t^^y^ry 

[ 0 1 0 6 K©i 9 /f S*«)tttf «fc^?rt#t 40 
5**Uil3lt5 K-/<v htm©£*fifi, 0. 1~ 

30% mm&ftm t-fc5:t»iu\ 

[0 10 71 **Wli*Jlt5#*{k^*l±. ii# 

[0 10 81 ^W^e^K^JR^fltSr^-f 5«)tS 

m&L-rszkiiX-zs. m'&<r>mitm*'C7<r>sk%MX' 
mKamcxzkz. ustuo. 5-1000™ 

WSL<, i>9if$L<l±l 0~5 0 OnaTfcS. M 50 



ftfi 200 3- 264086 
34 

^jfcUiSi: #(4. 1 -5 0 0nmffc5 o fflS^ 
-<y<7)^7tSi-t?>i: #l±. -&ltlf$rl 0-2 0 0nmi: 

[0 10 91 zni. iteftftrnZh^fimELm+nM 

f&m&m i , Ei2ir^-t 0 

[oi i o ] Bin, m&nmftis? ■< yowitm&ti 
o***js«-e*><& 0 m 1 w«e l**i±, &k i t 

li. ^<n±.{cm#9&4i-r?>i><r>xihZ> 0 
[o l l ll H2ii. SKan«»*-f7*w«jt)| 

[oii2i mmmxii. *-/uttAS3 

14 ifcSJli: LTsSltStflfiici: Lti>5/il 

-c*>isa«-e*»o, «f-aA*daiJit LxsiJt-ctiv*. 

[0 1131 **Wli*JV^-C. W32weftK^««e*Eil 

S. *-/i^aA*JJ:V/ifcl4«aia(^-tx-C, IW 
W^J:5iS5ffitn:<7)«^iA*5<tO ? /ifciiieiSS^ > * 
-^aAfc X If-/ £ ft ii^m m ^rff L T ^ T <b <t v \ 
[0 1 14] *«WI-*5V>T, ^SW^ICtJitSW 
Milt. i*S»#fi: LX<nmm&m&i-Z±.X\ M 

wfSLT, 5 0 00«1, a^, 5 0 0 0-3 0 07J 
[0 115] ±tc, «3fctm. *-^ltiS 

t*yft7i>/#!) ^fuvt;i-7t^- h (PED0 
T/PSS), *Hy M-lVlJtV^V-lV (PVK) , #17? 

□ ->r - >it&®>. y r - y u >-y-/u7 

h (Pani/pss) , Ties*; (p- i ) 
!)/^77 I -pyf=uyii($ (PPViS*) . 
iVTias; (p-2) <n#v ry-^^i/yiffti 

■5c 

[0 1 16] 

[ffc2 8] 




[0 117] (R[i2-xf/^^y/ut^yS'( : ^ 
«9, R ' It/ h^ryl^l n , (ilnS^ri L, M 
wfi 5 0 0 0 0 -C*>3 B ) 

[01 18] 

Ut2 9] 




AK7 n 2 

Rio R 'l0 

[0 119] (R,. fcitfR,, ' J±#4rTyU*/HE-C*) 
9, ArttR«»Sr*LTt^Tfc«l:^»#aia4fctt* 
^8R£T-fc«9, n 2 (i«^*Sr*L. Mw(i5 0 0 0- 
3 0 0^-C*)5 o ) 

[0 1 2 0] LT(i, t^^jy^ 

[0 12l]lfte»fffltltli **^*sTV- 

[0122] ftftWJ-ll, ^f»&3 6 3-7 0 2 5 7^ 
ffl 6 3 - 1 7 5 8 6 0 «fBB¥- 2 - 1 3 5 3 

5 9 ^4*«L [n]2-l 3 5 3 6 1 *2tffL [r] 2 - 2 0 9 
9 8 8 ^<&m, 133-37992 m 3 - 1 5 2 

1 8 4 ^4MR t JE* * ixT 6 fc ^ * if t S r i: 

[0 12 3] #(^-/^ttTO^ltli4, 4-f 
X (N- (3 f-zl/Voi^yU) -N~7x^/l^7; 
y) fcf^^/K *f*att*r»4:Lrj±2- (4-tr 
7x^!J/U) -5- (4-t-7 f f^7x-^) -1, 

[0 12 4] /jt*5 % »*ifeiwio»ilftLt»^irrt, 

3 0-2 0 0 Q C, »*L< [16 0~ 1 0 0 € C<njBJ£T'An 
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[0 12 5] it, m^fff.A^^Sr^^H^ Vm^B 
< li# 5 1 0 0 °C^I:, i9ffiL<lil 

5 0°c«>., »ic2 0 0t:tJL±^fl:^^ifiLv\ # 
7 7«t(/)h|[:1t(;apg(l^i^^ 3 o o°C^./S 

[0 12 6] t«(/j;I^/^l:Aiffl(/)f^ol(>lf 

10 **ftiaottS45*, ii«5~5 0 OnmRS. «f 
C10-30 Onmirl"^) ~ £ /jtftf S Lt V * — /K7)ftA 
£SS:lt5»^f*^ ttAJRttl nmW.h, ^ 
Jill 1 nm«.hi:i-5^^4f± Ll v. r <7> t * (7) ft AS, 
l$i£)g<7>i¥£<?>>Jgll> i§3\ aAW-C*5 0 OnnSJt, 
i«it5 0 0nmffi/tT**)5 o 
[0 12 7] *«W(^**(Cj:5^r«Ji^B£(Cffl^P,n 

^ ± L * ^ fc wtto f J # H K£ £ ft 5 fc ^ -e fl ft l \ 
Hiatal, 7>u=*-/i^ 0Hbk*?«, <rhy^ ^ 

DPX^y v 7 F 7 t KD7 7>, h^^>, 3r > U > 

a#rt-n?>o*a(ro. i% 
[oi28]m* (ifaAt^) it, 

t It L i F^-C s I f^ttAlt^^T 

S^ft^ft^^t', Al, Ag, In, Ti, C 
u, Au, Mo, W, Pt, Pd^iVNi, A 
1 , Ag^fjJgRSixa l«*fcli2«EA.h*>&JR7C* 

i"ntfa<, SOnmKJLh, 4ff * L < ft 1 0 0 nmSX h £ 1" 

«\ W£li5 0-5 0 Onraga^+fttfJ;l\ 
[0 12 9] 4fc % ftffi (IT-ttAfi) t LT^fi: 
40 JCDTTE^fc^Srffl^Tt) K, Cs, 

Li, Na,Mg, La, Ce, Ca, S r , B a , S 
n, Zn, Z r lpWft«7C**#, * fc I±3c3£tt«r _b 

^LffAg «Mg^ (AgiO. 1-5 0% (IB-? 
It) ) , A 1 'Li^i (LitO. 0 1 - 1 4 % (J® 
-fit) ) , In«Mg^ (M g : 5 0 - 8 0 % (JR^ 
It) ) , A 1 • C a 3^ (CaiO. 0 1 - 2 0 % (J® 
-fit) ) *P#*tf%;h.-5 0 (tfaAfi) (7>fl(S 

50 <, 0. 1 nmjy_b, tfi L< (10. 5 nmJ^.h, 1 nm 



(20) 

37 

# hi-f-ftlf «fci\, -tw hHflKziiiftfclWIRlifc 

ff£«2l ~5 0 Onmgafc-fflll <fcl\, PI 

[0130] tis&«:ti§cDj?$i±, m^?£A';W£f£<* 

to, -^ti.±cO)¥$i1-iXl±*<t< . W£L<I±5 OnmJJt 
±, $ hiCit 1 0 OnmJ^-L> 1 0 0~ 5 0 Otm<n% 

fi*J;t\ «x.li, m^ttAaS^Srttfifel-SrtSrMffi-r 
[0 13l]ii («^j£A*ffi) i*fi«>*«i£0M: 20 

fc^of^tLtu, ®\z.mm.t£^&. «*5o~ 

If) *s«tO«*8b««w*a^-e:l±, *^&Alf:fcJ:0 : Pi& 

[0 13 2] Riffi (*-/^Ati) W»»l±, 
-/uaA*ft^« , * tz.\%Mm.<r> *-/u&A*S&«~* - 
< itAt4 1 1 «t# 5 t>«)i5ff i L < , ft 
*H»4. 5eV~5. 5eVW%W/)WS U\ ^ftfftl- 
fi. »K-7 r »ft>f >"^»A (I TO) , ffi$SK-y®E 
ft'f yi/$J* ( I ZO) . j&ffc'CVv^A ( I n 30 
,00 . mt*X (SnO : ) fciO^fcUS (Zn 
O) M^'?r£MtLfct,(7)^tLlv ;4x?> 

V\ In.O, (C^t-tSSnO; (OS^Jtliv 1-2 0 
% (K*S#*) . £<btCI±5~l 2% 
/JS£FSLV\, IZ0t*min ! 0 I (C*f-f3Zn 

OWiS-g-JtJi, 12-3 2% (fTSFTft*) flJ£ 

[0 13 3] mfe (*-^ttA«*) ii- ft*B8*t»l 
S-f-Sfc*. mtfV^y (S iO, ) Sr^TLTUT 40 
t±v\ mit'y'J^y (SiO, ) i to 

HMt'S S i O, CO t/Htt'O. 5-1 0%gHW 
£LV\, SiO, 5:ttt5C i: Id «t «3 . I TOWft* 

[0 13 4] ft£J&9tti-fflilcOmffili, *3tftfi««. 
ilS 4 0 0~7 0 Onm, ftli$-3gft#;lC;tH- 6)fciSi&* 
75?5 0%JW±, ^f>i-l48 0%J&Lt, ftl:9 0%J.U-C 

Mftl<4oT< So *W»£-<*>««0>*$I4. 5 0 50 
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~5 0 0nm, %f\C 5 0~ 3 0 OnmCO^Iffl^f £ Lt\ £ 

[0135] H^roWWl^liro^fcSrWC 
fcftic. *^±££tU:W>: i 9*tit-f 5 r £ L 
i\ *tit«»±, SftwSA*K<*fc»li, *£#tt«tflg)I 
5rfflv>t, »Jh**»#L<f»i-5. Itih#*(4, A 
r, He, N, *0>TOStt#**a*» S LV\ C 

<r>%\±% *<r>foft^%§L\it^ iooppm«r, 

L<(±1 Oppm «T, ftlClllppm «TT'*)5 " t?Mt 
0. 1 ppm SSt'fc5„ 

[0 13 6] «Bfl(Cjo^T, W«E Lflfitf$5rJlM-f 

t') , ^faSffi Si, G a A s , ZnSe, 

ZnS, GaP, I nPtif) ^*lffjix, Sfc. ril 

tS i L Tli, M o , A 1 , P t , I r , A u , P d ft i" 
5. S*(±, 3t®9mUftiJi^5*^, J:IE*ffifcl3]« 
[0 13 7] £<bt~, «B^W*^?r, ¥ffi±l-^»3fe 

5„ 

[0 13 8] *«(Cfe7^/l'^-K J ^«:)ttt%R^^tJ > 

[0 13 9] ^%m<r>^m.E L*^f±, iiffi - , igj«iE») 

w&ik-rzzt hx'zz> 0 RiMwsrt, anr» 2-30 
[0140] *?6^wwttmLiftm±, «sj;iii, a^w 

JMI*iLTtJ:t\ «gfflffi£l±, Will, t^/i/ 
[0141] *HWtOffttlEL^Ii, x-f^^u-'T t 

[0 14 2] 

[0143] <%mn > 1 ToiSP^tts^^^--> 
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ttAitlt^y (3, 4 - xf uyyt^ryft7xy 

(PEDOT/FSS) ASfcffcU. 

6% )m^rcxt : >^7 { /^ 

(50nm)LfcgL «fr:T85t-C30#|8]ft« L fc c . N- 
*° «l t° - ^ /U / < V - (PVK : ftfS Sj& filR m * ,U ^ 
— 3. OeV) 52. 5mg, 2- (4, 4' -b'7xr./U)-5-(4-tert- 
^7i^)- t^rtyr/-^ (t-BuPBD : ft IMS 
Hfi*!^^ — 2. 9eV) 22. 5mg, fcitflf;* (2 -7 

2. 6eV) 1.2mgSr3. 75ml(7> h/UJi^i;ffJ<lf 0. 

T^T, PEDOT/PSSlg^JKfiJct/iStfiiitC^ t h 
(ft*«tf>W£l00nm) U «3tS4:Lt 0 ftjr, 
«SrKS«5»*H^«ffi^;uy-|iI^^LT, 5X10 

0. lnm/secT*15nm<7)J?5 l^*U ^(fiiSlg t Lfc e 
£ t LTLiFSra£#i£/£ 0. 02nm/secT* 

0.5nm<7)ff£lc53K#U l<7)gL BStLTT^;^') 20 
^Sr^*iiai.5nm/secT*150nm^*L, *«E L* f £ 

Uraax=510nm)<^fil#;£f#/l o * 60* ?£50mAcnT co£ 

[0 14 4] <3llfift|2>**Jilcffl^5eA«ARI8 
ft:£:fcf;* (2-7xx/i,t < yyt |>) (t c n';>?>-i 

- ^ft^wxy h >r (in) mmt&m 

A-2 :*fifftte^fiIfi3i^>rU¥-2.6eV) £ LfcJa^lt* 30 

«EL*-?-*BSIt«a-ClBI(lL.ttw6, W/-nfk^*A- 
1(7) 19 /vft^^y- hMlffi^5j*feUmax=510nm)<^« 
3tSr#fco £50mAcnT cA£«S£T*IEft L fc i: ^ 

[0 14 5] <»«3 >«*8i:fflP6SMife*» 
Mt^^^/^Z V (yVf/l/7 * 7 x^^-^/U 
*x>f M -fU^A (IT I) (ffl*{fc£»BH:ftft&fi 
i£SJl^^/U^-2.5eV) fcLfctt*W±, Hffiffl 1 > ("3 

^ h/U^ffi 3 "f 5 Stfe U max=548nm) cO*ft £ftfc„ 

[0146] <*te^'j4 > i Tomwnfetf'<?--y 

PZtilzifyxmfiLi:. UV/o., BfcfrLfcSL 
#3£B<t>&1S*'^-I-H£ LT\ 5xio" PaWTi 
TSlEL, ra-MTDATA (N.N.N- h li (3 - ^f^7 
xn/U) 7xX/U/;/ Mi7xx/l/7;y) , NPB 

(4, 4' - fcr*[N-(i— j- -y^/u) -n - 7xx/ur ^ / ] tr 50 
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4-^^ii/SO. lnm/sccT\ ^JX-t'tl^Onnu lOn 
mWW$U:3K»U ^ — /UffiA*J <tt/^— /HSiilW <h L 

3% £#£ftfcS£20nmffl«Lfc t £b 

(1, CBP (4,4' -t°7(N-^/l'^/!j^)t"7 I --/k# 
fi»tt = M^*/l'=¥--2.9eV) fcIr«S# («*{fc6*A 
-i:*ttBfi?-l*x*/u¥-2.6eV) Sr#«#Ul J: »J ffl 
*fk^*A-l*S6% $tfSftfc««:20mD«| 
lit, *5tJii:Lfc 0 R^T. /< h 7xt> h □ 'J 
a£#iiJ£0. lnm/sec-ei5nmt7)l¥$^^*L, S7*mS1 
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